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REQUIREMENTS  FOR  ARMY  APPLICATIONS 

CLOSED  SYSTEM: 

BLOWDOWN:  CHEMICAL  PUMP  — ') 

recirculating:  lithium  scrubber  (l,  F  Ogf') 

SOLID  GRAIN  GAS  GENERATORS: 

F2  (from  NF/|  B  F/|) 

D2  (from  ND3  B  D3) 

N2  (from  N^  N3) 

TWO  COLOR  OPERATION: 

DF  3 . 8  JUM 

DF  -»■  CO2  10.6  ;iM  (9.6  jum) 


^AVCO  EVERETT 


SCOPE  OF  TECHNOLOGY  DEVELOPMENT 


TASK  Is  ANALYSIS 

.  KINETICS  AND  LASER  PHYSICS 
MEDIUM  QUALITY 
.  FLOW  SYSTEM  ANALYSIS 
SCALING  ANALYSIS 

TASK  II:  SELECTI0N  DESIGN  AND  FABRICATION 

CONFIGURATION  CHARACTERIZATION 
CONFIGURATION  DEFINITION 
PERFORMANCE  DIAGNOSTICS 
'TEST  PLAN 

FABRICATION  AND  ASSEMBLY 

TASK  III!  DIAGNOSTICS  AND  PERFORMANCE  TESTING 

SINGLE  PULSE  TESTING 
REPETITIVELY  PULSED  TESTING 
DATA  ANALYSIS  AND  CORRELATION 

TASK  IV:  SCALABILITY  DF.SIGN/ANALYSIS 

CONCEPTUAL  DESIGN 
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TEST  CONFIGURATION  REQUIREMENTS 


(fuel  volumetric  efficiency  ej^(j/J.) 

PULSE  LENGTH  Tp 
PULSE  RATE  v 
RUN  DURATION 
CAVITY  VOLUME 
CAVITY  PRESSURE 


REQUIRED  PROPOSED 
20-50  j/i  <34  j/ji 


1-10  nsec 
25  pps 
1-5  sec 

>20  i 

<1.0  atm 


CONFIGURATION  ELEMENTS 


GAS  VALVING  AND  MIXER  SYSTEM 
LASER  CAVITY 

INITIATION  SYSTEM  (REP.  PULSE) 
OPTICS 

ACOUSTIC  SUPPRESSOR 
DIAGNOSTICS 


I-IO  ysec 


0-30  pps 

V  Uwi  ^ 

0-1.6  sec 


7  ^ 
0*<. 


Capu^i  li^  y 


22.5  i 


150-760  torr 
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TEST  MATRIX  PARAMETERS 
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CAVITY  PRESSURE 
DF  AND  DF  CO2  MODES 
DILUENTS;  He^  N2^  Ar,  NF3>  SFg 
stabilizer:  O2 

GENERATOR  PRODUCTS;  NF3>  ^2 

seedants :  SF0>  NF3 
initiation  level 

DIAGNOSTICS  TO  DETERMINE 

ENERGY  PER  PULSE 
PULSE  SHAPE 

- -  TIME  DEPENDENT  SPECTRA 

INITIATION  SYSTEM  CHARACTERISTICS 

- -  F2  DISSOCIATION  LEVEL 

TIME  DEPENDENT  PRESSURE  AND  TEMPERATURE 
MEDIUM  HOMOGENEITY 
t^^TIME  DEPENDENT  GAIN 

MODELING  IS  REQUIRED  TO  SUPPORT  THE  ABOVE 

KINETICS  (p.S.I./aERL) 

E-BEAM  DEPOSITION  (AERL) 

ACOUSTIC  RECOVERY  (aERL) 
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AERL-PCL  FACILITY 


ELEMENT 


MODIFICATIONS  IN  MICOM  PROGRAM 


SINGLE  PULSE 

REP  PULSE 

FLUIDIC  VALVING 

YES 

NO 

GAS  MIXER 

NO 

NO 

LASER  CAVITY 

NO 

NO 

ACOUSTIC  SUPPRESSOR 

NO 

NO 

FLOW  CHANNEL  STRUCTURE 

YES 

NO 

JET  PUMP 

YES 

NO 

GAS  SCRUBBER 

NO 

NO 

E-BEAM  FOIL  AND  SUPPORT 

NO 

YES 

CATHODE 

YES 

NO 

PULSE  FORMING  NETWORK 

N.A. 

YES 

MODULATOR 

N.A. 

YES 

FACILITIES 

NO 

NO 

OPTICS  TRAIN  STRUCTURE 

YES 

NO 

OUTPUT  WINDOW 

NO 

NO 

DIAGNOSTICS  AND  CONTROLS 

YES 

YES 
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EVERETT  RESEARCH  LABORATORY 
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FREE -SPAN  »  0.79  CM 


PEAK  GAS  PRESSURE 
6.0  ATM 


Kft497 


I  10 

INITIAL  ELONGATION,  Vo 


Figure  2,5.1  Stresses  in  Performed  Foils 
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SPECIAL  PERFOR<^ANCE  DIAGNOSTICS 


Vu.- 

•  ?2  Dissociation  Level 

t  Laser  Spectra  C  , 

'  f>«e  j^efco)v>eA 

•  TtME  Dependent  Gain, 


?2  (NF3)  DISSOCIATION  LEVEL 


OBJECTIVE;  Relate  E-Beam  Initiation  Characteristics  and  Gas 

Composition  to  F-Atom  Format i on. ^({F>/{Fo>  *•  5  x  10^) 

i _ _ _ 

MOTIVATION;  r.x 


•  Couple  Laser  Code  to  Experiments. 

•  Develop  Scaling  Relations, 


APPROACH: 


TASKS: 


Use  Single  Line  (v  =  M)  Pulsed  HF -Probe  Laser  to 
Measure  Product  Concentration  in  Titration  Reaction: 

F  +  HC  A  -  HF  +  CA 

Select  HF  Probe  Laser  (Lumonics  Tea  203). 

Select  Detectors  (Molectron  Pyroelectric  P3-01), 
Implement  HF  Clean-up  of  F2  Supply.  son.vw') 
Implement  HC&  Injection  System. 

Implement  HF  Calibration  Gas  Flow  Systems, 

Implement  Diagnostic  Optics. 

Test. 


?2  (NF3)  DISSOCIATION  MEASUREMENT: 


DESIGN  CONSIDERATIONS 


ABSORPTION  LINE 

f  Use  HP  IPS  Line  (2>783y)  Instead  of  1P4  Line. 

•  Total  Cavity  Length  can  be  used  as  Absorption  Path, 

PROBE  LASFR  '  \ 

•  Lumonics  Tea-203j  Single  Line  Operation 

1  <_  50kW/cm^>  Q.Sys 

•  Test  and  Calibration  Beam  Intensities 

1  «l5;  Avoid  HP  Bleaching 

I;  Beam  Intensity  -  O.IkW/cm^ 

I3:  Saturation  Intensity  -  1.7kW/cm^ 

DETECTORS 

•  Pyroelectric  (Molectron  P3-01^  =  SO'ns^ 

V/I  = 

•  Filters  and  Focussing  Lenses  on  Detectors. 

CALIBRATION 

•  Intra-Cavity  Calibration 

•  Calibration  Measurement  Simultaneous  with 
Dissociation  Measurement 


LASER  SPECTRAL  fCASUREFlENT 


OBJECTIVE; 

RELATE  DF  AND  CO2  TIME-DEPENDENT  AND  TIME-INTEGRATED  SPECTRA. 
TO  CAVITY  AND  INITIATION  CONDITIONS. 

MOTIVATION: 


•  ADDRESS  MODE  FORMATION 

•  TAILOR  SPECTRA  TO  REMOVE  LONG  WAVELENGTHS 
0  PROVIDE  DATA  BASE  FOR  MODELING  AND  SCALING 


APPROACH; 


0 


TASKS; 

0 

0 

0 

0 

0 

0 


GRATING  SPECTROMETRY  USING  EbERT-FaSTIE  CONFIGURATION 
IR  PHOTOGRAPHY  F^RJTJI^ -INTEGRATED  SPECTRA^ 
PYROELECTRIC  DETECTORS  FOR  TIME-RESOLVED  SPECTRA; 


DIGITAL  DATA  ACQUISITION 

/|  Ay  /  oolt  ®  /c>/mC5  S/mu  Ik. 


/ 


IMPLEMENT  SPECTROMETER  OPTICS 
SELECT  AND  CALIBRATE  GRATINGS 
IMPLEMENT  IR  CAMERA 
IMPLEMENT  DETECTOR  ARRAYS  (O^ 
IMPLEMENT  DATA  ACQUISITION 
TIME-INTEGRATED  MEASUREMENT 


0  TIME  RESOLVED  MEASUREMENT 


SVB  CTf(0 M€TER, 


SPECTRAL  flEASUREf'lENT; 
DESIGN  CONSIDERATIONS 


DF  SPECTRAL  RANGE 


69  Lines]Between  3.581vM  and  ^.788yM 
Smallest  Line  Separation:  0,003yM 


, 


GRATING  SPECTROriETER 

•  Ebert-Fast IE  Configuration 

•  Maximum  Revolving  Power;  0.00026yM 

•  Line  Separation  Capability: 

as/ax  =  1.3cM/0,01yM 

•  Tolerance  to  Incident  Beam  Jitter; 

A^j  =  1  +  2,5m  RAD 

t  N2  Flush  to  Avoid  Absorption  by  CO2. 

TIME-INTEGRATED  MEASUREMENT;  IR  PHOTOGRAPHY 

f  Principle:  Heating  of  Film  by  Laser  Lines  Changes 
Film  Sensitivity. 

•  Linear  Response  for  J  <_  500  mJ/cm^  (Silver  Halide 
Emulsion). 

0  Quantitative  Measurement  for  all  Lasing  Lines. 

TIME-RESOLVED  MEASUREMENT;  PYROELECTRIC  DETECTORS 
0  10  Strongest  Lines  (3^8yM<x<  4.2iim)  Measured  by 
Molectron  Pl-61  Pyroelectric  Detectors. 

0  VIoRKiNG  Intensity  Range  O.OAkW/mm^  <  I  <  ^kW/^m^ 

0  Digital  Data  Acquisition 


TIME  DEPENDENT  GAIN 


OBJECTIVE; 

MEASURE  LASER  GAIN  AT  SELECTED  WAVELENGTHS 

MOTIVATION; 

PROVIDE  DATA  BASE  FOR  SYSTEM  DESIGN/ 
MODELING  AND  SCALING 

APPROACH; 

t  FABRICATE  PROBE  DF  LASER  WITH  A  USEC 
PULSE  TO  MEASURE  TIME-RESOLVED  GAIN 

•  LINE  SELECTION  BY  300  ^/MM  GRATING 


t  GAIN  MEASUREMENT 


25  cm  LONG 


SCHEMATIC  FOR  TIME  RESOLVED  GAIN  MEASUREMENT 


K9546 


TIME  DEPENDENT  GAIN:  DESIGN  CONSIDERATIONS 


DF  PROBE  LASER 

|l  FLASHLAMP  INITIATED 

•  LASER  PULSE: 

T  «  il  ys  (FWHM) 

I  “  200  W/CM^  PER  LINE 

•  GAIN  MEASUREMENT:  +  15%  UNCERTAINTY  WITH  100  CM 
LONG  OPTICAL  CAVITY  OF  PROBE  LASER 


EXPERIMENTAL  CONDITIONS 

f  TEST  BEAM  INTENSITY: 

It  Is 

!  TEST  BEAM  INTENSITY  (10  W/CM^) 

7 

L  :  SATURATION  INTENSITY  (600  kW/cM^) 

f  LENGTH  OF  E-BEAM  APERTURE: 

REDUCED  TO  25  CM  TO  AVOID  AMPLIFIED  SPONTANEOUS 

EMISSION  (ASE) 


■ 


SPECIAL  PERFORMANCE  DIAGNOSTICS: 
STATUS 


Fj  (NF3)  DISSOCIATION  MEASUREMENT 


•  DIAGNOSTIC  SYSTEM  READY  FOR  SHAKEDOWN  AND  TESTING. 


0  ASSEMBLY  IN  PROGRESS 


•SPECTROMETER  READY  FOR  TESTING  3/26/84. 

0  TIME  RESOLVED  MEASUREMENT; 

-  PYROELECTRIC  DETECTORS  DELIVERED)37l27^ 

-  INSTALL  1  DATA  CHANNEL  3/19-3/26/84.-^^ — 

-  IMPLEMENT  DETECTOR  ARRAY  AND  DATA  ACQUISITION 
SYSTEM  3/26-4/27/84. 

-  READY  FOR  TESTING  4/30/84.  - - 

(ME  DEPENDENT  GAIN  MEASUREMENT 


•  TEST  OPTICS  COMPLETED 

6  PROBE  LASER  READY  FOR  SHAKEDOWN  AND  TESTING. 

•  TESTING  5/7/84  (TENTATIVE). 
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System 
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Recorder 
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_ L_ 
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MODEL  3S21 

dual  drive 

FLOPRV  DISC 


Future  I  Timing 
Acquisition  :  onq 

Channels  |  Control*^ 


CAMAC  Crau 


Future 

Acquisition 

Interface 


Loser  T  rigger  Signal 
Laser  Aus.  Signal 


NOTES 

*'  Cr.„ 

•2  The  Timing  and  Control  Modu'es  Include 

Lecroy  27?  Dual  Cate.  Delay  Generator 
Locroy  S20D  ■  8  Channel  Discriminator 
Lecroy  a?8F  •  Quad  Linear  fan  In/fan-Out 
lye  Lecroy  SB8AL  -  Level  Adaptei 


Figure*  2.8.5  Data  Acquisition  System  Schematic 
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